Through the application of the super-efficiency DEA-Malmquist method, the article measures the efficiency of enterprise technological innovation, analyzes the characteristics of time and space evolution and efficiency change of technological innovation during 2006-2016, and quantitatively adjusts the input and output factors of improving enterprise technological innovation. The research shows that: first, the technical efficiency of technological innovation of enterprises: in terms of time series changes, the potential of input of existing production factors cannot be tapped, and the input of technical elements should be increased. Moreover, in the provinces with inefficient technical efficiency, there are widespread factors such as redundant input of factors and insufficient output of benefits. Each province and region can make quantitative adjustments to the input and output factors in the development of high-tech industries according to their own conditions. Second, enterprise technology innovation Malmquist efficiency index: average technical efficiency change, average technical level change and average total factor productivity change were 1.024, 0.976 and 0.996, respectively, both close to 1. There is a significant difference in technical efficiency between regions, and it is gradually developing towards economically developed areas along the southeast coast, and there is a significant spillover effect.
INTRODUCTION
In the report of the 19th National Congress of the Communist Party of China, General Secretary Xi Jinping pointed out: We need to deepen the reform of the science and technology system, establish a technological innovation system with enterprises as the mainstay, market-oriented, and deep integration of production, education and research, strengthen support for SMEs' innovation, and promote technological innovation.
The goal of combining technology with enterprises is to achieve the transformation of technological achievements into productivity. Under the premise that the level of technology marketization is difficult to change in the short term, the breakthrough to improve the rate of achievement conversion is to adjust the research and development content based on the productivity situation and improve the degree of engineering feasibility. So, what is the current efficiency of technological innovation? What factors constrain efficiency improvement? Is there a spatial relationship? This paper uses the ultra-efficient DEA method to measure the comprehensive technical efficiency of enterprise science and technology innovation. At the same time, the Malmquist productivity index model is used to analyze the dynamic changes of the efficiency and the characteristics of the provincial differences. Through the above methods, the author tries to answer the above three questions, and hopes to learn from the government's policy measures to promote scientific and technological innovation.
II. REVIEW OF RELATED RESEARCH
The domestic literature has a good research basis for the efficiency of the input of science and technology and the efficiency of the transformation of scientific and technological achievements. In terms of the output efficiency of science and technology input, the DEA method is mainly used for efficiency evaluation, such as Fan Hong [1] , Xie Youcai [2] , Wu Xue [3] , and Wang Gang [4] . In the transformation of scientific and technological achievements, the qualitative analysis method is mainly used to analyze the transformation efficiency and existing problems of scientific and technological achievements, such as Cai Yuezhou [5] , Yang Shanlin [6] , Dong Jie [7] , Zhao Zhiyun [8] , Mao Xuefeng [9] . The research on scientific and technological innovation in foreign literature is divided into two parts. The first part is related policies and regulations issued by government departments. Foreign governments believe that the relevant policies and regulations issued by government departments are crucial for creating a favorable external environment and promoting the commercial transformation of scientific and technological achievements [10] [11] . The second part is the measurement and evaluation method of scientific and technological innovation ability. Todorovic 
III. RESEARCH METHODS AND DATA DESCRIPTION

A. Research Methods
1) Super-efficiency DEA method:
In the analysis results of the general DEA model, it is often the case that a plurality of DMUs are evaluated as valid. Especially when the number of input and output indicators is large, the number of effective DMUs will be larger. The efficiency value obtained by the DEA model is at most 1, and the effective DMU efficiency values are the same, so the efficiency of these effective DMUs cannot be further distinguished. To solve this problem, Andersen and Petersen proposed a way to further distinguish the effective DMU from its effectiveness, which was later called the superefficiency DEA model. The core of the super-efficiency DEA model is to remove the evaluated DMU from the reference set. That is, the efficiency of the evaluated DMU is derived from the leading edge of other DMUs. The effective DMU's super efficiency value is generally greater than 1. This makes it possible to distinguish between effective DMUs [17] . Super-efficiency DEA model:
2) Malmquist productivity index method: The Malmquist Productivity Index method is mainly applied to the study of trends in dynamic efficiency changes. Fä re et al. define the Malmquist Productivity Index (tfpch) for two adjacent periods. The expression is as follows:
Where:
is the input distance function compared to the frontier technique according to the production point at the same time period (i.e. t and t+1).
is the input distance function obtained by comparing the production point with the frontier surface technology in the mixed period, the Malmquist productivity index can be decomposed into two parts: technical efficiency change (effch) and technical change (techch). Equation (2) can be rewritten as: 
Where: effch represents technical efficiency change, techch represents technical change, and Malmquist productivity index (tfpch) can be expressed by the product of the two.
B. Research Indicators and Data Selection
According to the requirements of the DEA method, the number of input and output indicators selected should be no more than half of the number of decision units. In order to fully reflect the level of technological innovation efficiency of enterprises in various provinces, referring to the research of relevant scholars mentioned above, this paper takes the investment of science and technology and the input of personnel and the number of patents as input indicators in various regions, and the new product income and industrial output value of each region are output indicators. The data comes from the China Statistical Yearbook and the China Statistical Yearbook on Science and Technology.
IV. EMPIRICAL RESULTS ANALYSIS
A. Analysis of the Efficiency of Enterprise Technology
Innovation Based on Super-efficiency DEA Model According to formula (1), by running the software Maxdea7, this paper calculates the various efficiency indicators of enterprise technology innovation from 2006 to 2016. From a national perspective, the average overall efficiency between 2006 and 2016 was 1.014, and the Advances in Economics, Business and Management Research, volume 85 highest was 1.241, which was at a high level. The lowest overall efficiency value is 0.827 in 2006, which means that if the current production factors are fully utilized, the output can be nearly doubled at the current level. From the overall trend of enterprise technology innovation efficiency (see " Table I") , the comprehensive technology efficiency curve can be roughly divided into three stages:
 2006-2008 is the first phase. In this phase, the comprehensive efficiency is rising from 0.827 in 2006 to 1.241 in 2008. The comprehensive efficiency in 2008 increased rapidly, mainly due to the economic rise faster in China at this stage, the total output value and profit of the producers performed better. It is also mainly due to the company's response to the use of advanced technology, intensive production, and the fierce market competition brought about by the new technological revolution represented by the United States.
 2008-2010 is the second stage. Year 2008 is obviously an inflection point. This is related to the economic crisis in 2008. The enterprise market is sluggish, resulting in insufficient investment in R&D, which leads to slow growth of technological progress.
 The period from 2010 to 2016 is the third stage, in which the efficiency of technological innovation of enterprises continues to increase. During this period, enterprises have gradually matured. In order to survive in a highly competitive market and maintain certain economic benefits, enterprises are forced to adopt advanced technologies and improve technical efficiency to maintain their market competitiveness from the perspective of improving production efficiency. At the same time, the government's role in the industrial development zone of the enterprise is increasingly obvious. The division of labor between enterprises in the industrial zone is continuously refined, and the organization of product production and R&D activities is more flexible and efficient. The government has established various forms of industry incubators, encourages talents to start businesses, and supports the development of small and micro-tech enterprises in terms of taxation. Due to the in-depth development of global integration, Chinese enterprises have been included in the global production network. This promotes domestic enterprises to optimize the industrial structure, enhance the industrial level, and promote the continuous improvement of technical efficiency by anti-driving mechanism. 
B. Ways and Potentials for Improving the Efficiency of Technological Innovation of Enterprises
In view of the current status of technological innovation efficiency of enterprises in various provinces and cities, this paper uses the model method to find the reasons for inefficient development from the original input-output data, proposes ways to improve, and calculates the improvement potential of future variables. Below, the article analyzes the development of technological innovation efficiency of enterprises in various provinces and cities in 2016 from the historical data, and calculates the improvement potential of input and output factors of DEA provinces and cities (" Table  II") . "Table II" shows the reasons for the inefficiency and improvement potential of the DEA effective areas. The improvement of the input and output indicators in different provinces and regions is obviously different, such as the 5% redundancy of Beijing's funding, while the Heilongjiang is as high as 13.7%; Beijing personnel's input redundancy ratio is 9.9%, while Ningxia is as high as 37.6%; Beijing patents have an input redundancy ratio of 9%, while Jilin has a high of 25.8%. According to the model result data, each province and city can make adjustments according to the actual situation of input and output in the process of technological innovation development.
Through the analysis of the input and output adjustment and improvement potential of the scientific and technological innovations of enterprises in various provinces and cities in "Table II" in 2016, and the analysis of the relaxation variables of the provinces and universities in the past ten years, it shows that the input of the basic factors in the process of enterprise achievement transformation is more redundant, which makes the effective output seriously insufficient. Therefore, improving the use efficiency of each input factor, increasing output, and optimizing production factor allocation capacity are the key factors to improve the efficiency of scientific and technological innovation of enterprises in various provinces and cities. As can be seen from "Table III", among the total factor productivity of provinces and cities across the country, Beijing, Inner Mongolia, Jiangsu, Anhui, Shandong, Hubei, Hunan, Chongqing, Sichuan, Shaanxi, and Ningxia are all greater than 1. Shaanxi is the region with the highest total factor productivity in China, and Hainan is the region with the lowest total factor productivity in China. This shows that the current national science and technology innovation efficiency in China is generally showing a trend of good development. However, Tianjin, Hebei, Shanxi, Liaoning, Jilin, Heilongjiang, Shanghai, Zhejiang, Fujian, Jiangxi, Henan, Guangdong, Guangxi, Hainan, Guizhou, Yunnan, Gansu, Qinghai, and Xinjiang with a total factor productivity of less than 1 should focus on improving the growth rate of technological innovation. From the perspective of decomposition indicators, technological advances have a large impact on total factor productivity. Shaanxi Province, which has high total factor productivity, has higher technical efficiency changes (1.024) and technical level changes (1.101). Hainan Province (0.864), which has the lowest total factor productivity, has a higher technical efficiency (1.002) and the lowest level of technical Advances in Economics, Business and Management Research, volume 85 change (0.860). Therefore, Hainan Province should vigorously improve its technical level.
According to "Table IV" In terms of the average value, the national total factor productivity is 0.997, and the overall performance is high. The technical efficiency changes and technical level changes are 1.023 and 0.977 respectively. It can be seen that the total factor productivity gradually transitions to relying on technical efficiency to drive, and the technical level efficiency has no obvious effect on the national factor production efficiency improvement. From the perspective of the dynamic evolution of the total factor productivity in the country, the total factor productivity shows a dynamic wave with a normal wave that increases first, then decreases and then increases. In 2006-2016, it rose from the original minimum 0.965 volatility to a peak of 1.056, and its average value was 0.997<1, indicating that the national technological innovation efficiency of the country has undergone a process of first improving and then weakening and then improving. From the indicators of its decomposition, technical efficiency changes are relatively consistent with the trend of total factor productivity. Technical efficiency changes are always the main drivers of total factor productivity.
Judging from the trend of its evolution (" Table IV "), it shows a trend of rising first, then lowering and then rising, indicating that although the current technological innovation efficiency is in a relatively delicate development stage, the influence of policy support and external power intervention is more obvious.
B. Time-space Differences of Interprovincial Malmquist
Productivity Index Based on the results of the super-efficiency DEA-Malmquist model, the productivity index of the production efficiency index was spatially analyzed using Arc GIS 10.2 software using the Malmquist productivity index values of the provinces in 2006-2007, 2009-2010, 2012-2013 and 2015-2016 . According to the value of Malmquist productivity index, each province and city is divided into 10 categories and plotted as a spatial distribution map, which more intuitively reflects the spatial evolution pattern of interprovincial Malmquist productivity during the study period (" Fig. 1" "Fig. 2" "Fig. 3 " and " Fig. 4") . Specific to the cross-section year, the provinces with large Malmquist productivity index values in 2006-2007 are Ningxia, Inner Mongolia, Gansu, Beijing, Chongqing, Qinghai, Xinjiang, Fujian, Hunan and other provinces and cities. The total factor productivity of enterprise science and technology innovation has progressed rapidly, while the lower-ranking provinces and regions mainly include Shaanxi, Jilin, Shanxi, Anhui, Yunnan, Zhejiang, Guangdong, and Hainan. On the whole, the index value has not been related to the level of economic development. However, the distribution of high-level areas and high-level areas is concentrated in the northwestern inland provinces, indicating that the northwestern provinces and regions with relatively poor economic development in 2006-2007 value the development of technological innovation. And on this basis, it supports and drives the rapid start and development of the region's economy. In 2009-2010, the distribution of all levels of the Malmquist Productivity Index was more dispersed, with various types of provinces and cities cross-distributed. The areas with higher level are mainly distributed in the central provinces. With the continuous implementation and deepening of the "centralization strategy of the central region", the achievements in technological innovation of enterprises are remarkable. By 2012-2013, the spatial pattern of TPF has changed significantly. In the region where the total factor productivity of China's central and eastern regions has progressed rapidly, it is worth mentioning that Guangdong has transitioned from a low-level zone in 2009 to a highlevel zone. The efficiency is improved faster. By 2015-2016, total factor productivity continued to shift to the southeastern coastal areas, mainly because of the economic development of the southeastern coastal areas and the increasing investment, which has a clear driving effect on the development of technological innovation. 
VI. CONCLUSION
Using the DEA-Malmquist method, under the framework of total factor productivity analysis, this paper comprehensively analyzes the spatiotemporal and interprovincial differences of Chinese enterprises technological innovation efficiency from 2006 to 2016, and obtains the following conclusions:
The first is the evaluation of the efficiency of enterprise science and technology innovation: First, from the timing of development, from 2006 to 2016, the efficiency of technological innovation of Chinese enterprises is generally fluctuating, and the potential of existing production factors cannot be fully explored. Therefore, we should increase investment in technological elements in development. The key to improving the efficiency of enterprise science and technology innovation is to improve the efficiency of technology and speed up the renewal of technological innovation of enterprises. ② Through the analysis of the provinces of scientific and technological innovation efficiency of enterprises, it can be found that there are widespread factors such as redundant input of resources and insufficient output of benefits. The development of technological innovation of enterprises in various provinces and cities in 2016 was selected and analyzed, and the improvement potential of input and output was calculated through the model. Each province and city may make a quantitative adjustment of the input and output factors in industrial development according to actual conditions. The second is the evaluation of the Malmquist efficiency index of enterprise technology innovation: there is a significant difference in the technical efficiency level between the economically developed areas in the southeast coast and the central and western regions. From 2006 to 2016, with the development of the economy, the technical efficiency level in the southeast coastal areas improved significantly, and there was a significant spillover effect between provinces and cities. It shows that the development of science and technology innovation in various provinces and cities is more dependent on local input, thus making technological improvement and progress.
In view of the characteristics of technological innovation in enterprises in various regions, it is necessary to adapt measures to local policies and measures to promote technological innovation in enterprises. For the southeast coastal areas, the economic development foundation is good, and the background advantage is obvious. On this basis, cross-regional cooperation with enterprise science and technology should be used as a carrier to promote technological innovation and foster new technological forms. The central and western regions should selectively develop technological innovations of their dominant enterprises according to their different development characteristics, and give full play to the role of science and technology in promoting local economic development. For the northeast region, as a traditional heavy industry base in China, the development inertia is large, and it is difficult to accelerate the speed of technological innovation in enterprises in the short term. Therefore, on the basis of the existing, we should accelerate the development of technological innovation in enterprises, build enterprise technology alliances based on cooperation among enterprises, and at the same time use the powerful spillover effects of enterprise technology to drive the development of related traditional industries. On the whole, the state and all levels of government should promote the development of scientific and technological innovation from the overall situation, promote the free flow of scientific and technological elements such as talents, technology and information, improve the efficiency of resource allocation, and jointly promote the efficiency of technological innovation.
